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Outward propagating waves originating from a central point forming a spiral pattern are 
known as spiral waves. Spiral waves are observed in a range of biological, chemical, and 
physical systems. Spiral waves have been speculated to be associated with heart fibrillation and 
epileptic episodes.  In chemistry the Belousov-Zhabotinsky redox reaction forms spiral patterns 
and spiral crystal growth was observed on surfaces. Our group developed a Python code to 
simulate propagation of waves in a 2-dimensional grid. The model invokes interaction between 
different cells in the grid and each cell can be in one of three different states: ground; excited; 
refractory. A cell in the ground state is ready to get excited if certain conditions are met. A cell in 
an excited state will remain excited for a certain period of time after which it decays to the 
refractory state. A cell in the refractory state cannot be excited again for a period of time call 
refractory period, after which it goes into the ground state.  The general excitation condition is 
that if the number of excited nearest neighbors exceed a certain threshold value a ground state 
cell will get excited. Depending on the initial conditions a number of different wave patterns can 
be formed. In this presentation we will identify some necessary conditions for the formation of 
spiral waves as a function of the excitation and refractory periods, the excitation threshold, and 
the range of the interaction. In addition, we will explore the effects of including a randomization 
condition in the refractory and excitation times. Finally, we will discuss some of the tools 
developed to characterize spiral waves and the different phenomena that we observed as a 
function of the randomization.  
 
